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Abstract
Background: In this study, we investigate the correlation between reduced global 
longitudinal peak systolic strain (GLPSS) and the SYNTAX score (SS) in patients 
undergoing coronary angiography.
Methods: We examined 71 patients undergoing both echocardiogram and coronary 
angiography within 15 days. All patients had normal global and/or regional wall motion 
on resting echocardiogram. We calculated GLPSS using two-dimensional speckle-tracking 
echocardiography. SS was calculated for each group of patients based on the presence 
and/or the severity of coronary artery disease (cAD): no cAD on angiogram (n = 10, 
control group), low SS (n = 36, SS < 22) and high SS (n = 25, SS ≥ 22). We hypothesised that 
GLPSS at rest is inversely correlated with the angiographically derived SS.
Results: Age, sex and most of the risk factors were equally distributed among the groups. 
There was a significant inverse correlation between GLPSS and SS values (r2 = 0.3869, 
P < 0.001). This correlation was weaker in the low-SS group (r2 = 0.1332, P < 0.05), whereas 
it was lost in the high-SS group (r2 = 0.0002, P = NS). Receiver operating characteristic 
curve analysis identified that the optimal cut-off for the detection of high-SS patients 
was 13.95% (sensitivity = 71%, specificity = 90%, P < 0.001).
conclusions: The results of our study suggest that GLPSS might be promising for the 
detection of patients with high SYNTAX score on coronary angiogram. There is an 
inverse correlation between resting GLPSS and SS as assessed by coronary angiography. 
In patients with the highest SS, however, the correlation with GLPSS was less significant.
Introduction
Percutaneous coronary intervention with TAXUS and 
cardiac surgery known as SYNTAX score (SS) is an 
angiographic tool used to determine the severity of coronary 
artery disease (CAD) in patients undergoing coronary 
angiography. Two-dimensional strain echocardiography 
may be able to detect early changes in cardiac function 
caused by ischaemia and predict the extent of coronary 
lesions (1) in the shape of SS. The echocardiographic 
diagnosis of CAD mostly relies on the visual detection of LV 
wall motion abnormalities of radial myocardial shortening 
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and thickening and assessment of LV ejection fraction (EF). 
However, LV wall motions are usually normal at rest in these 
patients, unless there is a history of myocardial infarction (2). 
The contribution of longitudinal myocardial deformation is 
largely neglected. Myocardial strain represents the magnitude 
of myocardial deformation, which is an energy-requiring 
process. Longitudinal mechanics predominate in the 
ischaemia-vulnerable subendocardium, and abnormalities 
of myocardial deformation in the longitudinal axis 
are seen in the development of many pathophysiologic 
states, including CAD and myocardial infarction (3, 4, 5, 6, 
7, 8, 9, 10).
Purpose
In this study, we hypothesised that there is an inverse 
relationship between SYNTAX score and global 
longitudinal peak systolic strain (GLPSS) and that a 
reduced GLPSS may be able to predict a high SS in patients 
undergoing coronary angiography, with no history of 
myocardial infarction.
Methods
Study subjects
We prospectively recruited a total of 85 patients, 15 of 
whom were excluded due to suboptimal image quality 
on echocardiography. The inclusion criteria were as 
follows: evaluation of patients with suspected CAD, no 
global and/or regional wall motion abnormalities on 
resting echocardiogram with an EF of at least >50%, no 
conduction abnormalities on ECG, no more than mild 
valvular disease, no more than mild left ventricular 
hypertrophy and no evidence of cardiomyopathy. 
All patients were referred by primary or secondary 
care physicians, with chest pain suggestive of CAD 
for angiogram. All patients consented before their 
participation in this study. A total of 71 patients were 
finally recruited who underwent both echocardiogram 
and coronary angiography within 15 days. The study 
was approved by the local ethics committee.
Echocardiographic examination
Conventional 2D echocardiographic examination 
was performed in each patient using an iE33, 
ultrasound system (Philips Healthcare) and Vivid E9 
(GE Healthcare; Medical Diagnostics). Two-dimensional 
greyscale harmonic images were obtained in the apical 
long axis four-chamber and two-chamber views for 
the global analysis with a frame rate of a minimum of 
40 Hz. Strain analysis was performed off-line by one 
investigator who was unaware of the angiographic results 
using the vendor non-specific software EchoInsight Suit 
(Research Tool; Epsilon Imaging, Ann Arbor, MI, USA). 
GLPSS was obtained from the apical four-chamber, three-
chamber and two-chamber views, after manually tracing 
the endocardium and epicardium of the left ventricle, 
beginning from the annulus of the mitral valve for all 
the three views. Necessary adjustments were made in 
order to include the entire myocardial layer with the 
best possible quality throughout the cardiac cycle. The 
software provided an average value of GLPSS for a total 
of 16 segments of the left ventricle (Fig. 1). The LV end-
systolic volume, LV end-diastolic volume, the LV EF 
and fractional shortening were measured as described 
previously (11).
Coronary angiography
Two experienced interventional cardiologists assessed the 
coronary angiography results and independently provided 
the SS for each patient. Patients were grouped according 
to their SS as follows: (i) no CAD, (ii) low SS (SS < 22) and 
(iii) high SS (SS ≥ 22).
Statistical analysis
Normality was assessed with Shapiro–Wilk test, which 
showed that strain values were normally distributed 
(P > 0.05). The results are presented as mean ± s.d. or 
as frequency. Student’s t-test was used to compare the 
means of continuous variables. Mean scores of more 
than two groups were compared using analysis of 
variance (ANOVA). Categorical variables are expressed 
as absolute values and frequency percentages and are 
compared using χ2 tests. Receiver operating characteristic 
(ROC) curve analysis was used to identify parameters 
that best predicted the presence of high-risk CAD. 
Pearson’s r was used to measure the linear correlation 
between SS and %GLPSS giving a value between +1 
and −1, where 1 is total positive correlation, 0 is no 
correlation and −1 is total negative correlation. P < 0.05 
was regarded as denoting a statistically significant 
difference. Computations were performed using SPSS 
version 23.0 (SPSS).
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Reproducibility between observers for grading SS 
was assessed based on their scores on 15 multi-vessel 
angiograms. Inter-observer agreement was determined 
using the Fleiss k statistic values. Good reproducibility 
of the SS measurements (k = 0.82; 95% CI (0.72, 1.00)) 
between the two investigators was observed.
Results
GLPSS was successfully measured in 71 of the 85 
(84%) patients and is presented as absolute values. 
Patients’ clinical characteristics are shown in Table  1. 
Their mean age was 62 ± 11 and 49 (69%) were men. 
Figure 1
Measurement of GLPSS in a patient with low SS. From top to bottom and left to right: apical four-chamber, two-chamber and three-chamber strain 
analysis. In the last image, segmental strain is represented as ‘bull’s eye’ display along with the GLPSS.
Table 1 characteristics of the study population.
Characteristics
CAD (+) group
No CAD group  
(n = 10)
Total  
(n = 71) P-value
high-SS group 
(n = 25)
Low-SS group 
(n = 36)
Male (n%) 19 (76) 22 (67) 6 (60) 49 (69) NS
Age (years) 61 ± 12 64 ± 10* 55 ± 13 62 ± 11 0.05
Obesity (n%) 4 (16) 2 (6) 1 (10) 7 (10) NS
Diabetes (n%) 9 (36) 15 (42) 1 (10) 25 (35) NS
hypertension (n%) 15 (60) 21 (58) 4 (40) 40 (56) NS
Dyslipidaemia (n%) 11 (44) 18 (50) 3 (30) 32 (45) NS
Smoking (n%) 9 (36) 16 (42) 1 (10) 26 (37) NS
chronic kidney disease (n%) 4 (16) 5 (14) 2 (20) 11 (15) NS
heart rate (bpm) 68 ± 8* 65 ± 8 62 ± 4 66 ± 8 0.05
ARB and/or Ace inhibitors (n%) 13 (52)* 13 (36) 1 (10) 27 (38) 0.05
calcium channel blockers (n%) 7 (28) 10 (28) 2 (20) 19 (27) NS
Diuretics (n%) 5 (20) 5 (14) 1 (10) 11 (15) NS
β-blockers (n%) 10 (40) 16 (44) 3 (30) 29 (41) NS
NS, non-significant.
*P < 0.05 vs control group.
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There were no significant differences between the groups 
for most of the risk factors. Patients in the low-SS group 
were older than those in the control group. 
GLPSS and angiographic results
There was a significant inverse correlation between GLPSS 
and SS values (r2 = 0.3869, P < 0.001). This correlation was 
weaker in the low-SS group (r2 = 0.1332, P < 0.05), whereas 
it was lost in the high-SS group (r2 = 0.0002, P = NS) as 
shown in Fig. 2.
A one-way between-groups analysis of variance 
with post hoc analysis with Bonferroni’s correction was 
conducted to explore the correlation of traditional 
echocardiographic parameters and GLPSS with SS values. 
Participants were divided into three groups according 
to their SS (no CAD: SS = 0; low SS: <22; high SS: ≥22). 
There was a significant relationship between GLPSS and 
SS values. The rest of the parameters did not correlate with 
SS. The results are shown in Table 2.
Receiver operating characteristic analysis for the 
diagnosis of severe coronary artery disease
The results of ROC analysis for GLPSS, basal, mid and 
apical LPSS are shown in Fig.  3. The optimal cut-off of 
GLPSS, which discriminated patients with high SS from 
all participants, was −13.95% (sensitivity = 71% and 
specificity = 90%, AUC = 0.846, 95%CI = 0.75−0.95, 
P < 0.001) and was the overall best parameter predicting 
high SS.
Discussion
In this study, we found that resting GLPSS best predicts 
a high SS in patients with suspected CAD. There was 
a reverse linear correlation between GLPSS and the 
angiographically derived SS, which is widely used as a 
scoring system for the quantification of the complexity 
of CAD. Therefore, a good relationship between anatomy 
and function was found.
Left ventricular wall motion at rest can be normal, 
even in patients with severe CAD. Therefore, it would 
be useful if another resting parameter could help in the 
discrimination of patients with severe CAD from those 
with less severe or no CAD. Studies (9, 10) have shown 
that longitudinal strain correlates well with the presence 
and severity of CAD, but none has investigated whether 
a correlation exists with SS. We found that a GLPSS 
Figure 2
(A) correlation between GLPSS and SS values. (B) correlation between 
GLPSS and SS values for the low-SS group. (c) correlation between GLPSS 
and SS values for the high-SS group.
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cut-off value of −13.95% on the vendor non-specific 
software used in this study predicts the detection of a 
high SS among patients with suspected CAD with good 
sensitivity and specificity. Reduced GLPSS, therefore, 
increases the pretest probability for the presence of severe 
CAD and may enable earlier recognition of patients who 
are more likely to have complex CAD on angiogram and 
for whom coronary artery bypass surgery might be the 
most appropriate therapeutic option.
Although SS was designed to characterise coronary 
anatomy based on nine anatomic criteria such as lesion 
location and complexity, Tanaka and coworkers showed 
that it correlates well with myocardial ischaemia as 
assessed by stress SPECT (12). The correlation we observed 
between GLPSS and the SS might reflect the underlying 
relationship between SS and possible microcirculatory 
damage. The weak but significant correlation between 
SS and GLPSS that we observed in all coronary artery 
disease patients as well as in the low-SS group at rest 
was also found by Tanaka and coworkers during stress 
SPECT (12). In addition, they found that stress SPECT 
did not correlate well with the high SS values, which 
is again consistent with our observation of poor 
correlation between GLPSS and SS values for the high-SS 
group. This can probably be attributed to the increasing 
complexity of the lesions for higher SS. Calculation of 
SS takes into account not only the number of coronary 
lesions but also their anatomical characteristics such 
as tortuosity and calcification. A higher SS, therefore, 
does not necessarily reflect an increase in the extent of 
myocardial ischaemia, which may explain the loss of 
correlation in the high-SS group.
Our study confirms the results of previous studies that 
investigated the role of speckle-tracking echocardiography 
for diagnosing CAD in patients with normal resting 
echocardiogram (6, 7, 9, 10). Strain echocardiography is 
a simple, inexpensive and risk-free diagnostic tool, which 
should become a routine part of the evaluation of patients 
suspected of having CAD.
Limitations
There are a number of limitations in this study. Our 
control group consists of a small number of patients. The 
number of patients admitted to our institution, a tertiary 
university hospital, might cause a possible selection bias. 
Some of the baseline characteristics of the population that 
are known to affect GLPSS were not equally distributed 
among the participants (age, heart rate, hypertension and 
some of the medications) and may have contributed to 
reduced GLPSS values. Cardiac MRI was not performed to 
look for myocardial fibrosis, which could explain reduced 
strain values in some of those patients. Finally, we did 
not use intravascular ultrasound or functional studies 
Parameter Cut-off value AUC 95% CI P-value
GLPSS (%) −13.95 0.841 0.75 — 0.95 P < 0.001
Basal LPSS (%) 0.66 — 0.91
Mid LPSS (%) −13.92 0.762 0.63 — 0.90 P < 0.05
Apical LPSS (%)
−12.75 0.783 P < 0.001
−17.08 0.671 0.53—0.81 P < 0.05
Figure 3
Predictive myocardial strain characteristics for the detection of high-SS 
(SS ≥ 22) population.
Table 2 echocardiographic parameters.
Parameters
High SS 
(n = 25)
Low SS
(n = 36)
No CAD 
(n = 10) P-value
LV end-diastolic dimension (mm) 42 ± 6 44 ± 4 45 ± 3 NS
LV end-systolic dimension (mm) 29 ± 5 30 ± 4 30 ± 4 NS
LV ejection fraction (%) 59 ± 6 61 ± 6 62 ± 9 NS
LV fractional shortening (%) 31 ± 6 32 ± 6 33 ± 9 NS
GLPSS (%) −13.31 ± 1.91a,b −15.61 ± 1.90a −17.39 ± 1.15 0.05a,b
NS, Non-significant.
aP < 0.05 when compared with normal. 
bP < 0.05 when compared with low SS; high SS: SS ≥ 22; low SS: SS < 22.
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(functional flow reserve) for a more accurate measurement 
of myocardial ischaemia.
The results of this study may also not be readily 
applicable in clinical practice. We conducted this study due 
to the need for a simple, non-invasive method to identify 
patients with coronary artery disease. We hypothesised 
that GLPSS correlates with coronary artery disease severity. 
The aim of this study is to investigate this hypothesis-
generating idea, which can improve the selection of 
patients who are referred for coronary angiography. Our 
results show that GLPSS can help in the identification of 
patients with severe coronary artery disease in the form of 
high SYNTAX score. It definitely needs further evaluation 
before being recommended for clinical use.
Conclusions
The results of our study suggest that GLPSS aids in the 
detection of patients with increased SYNTAX score on 
coronary angiogram. We showed that there is an inverse 
correlation between resting GLPSS and SS as assessed by 
coronary angiography. In patients with the highest SS, 
however, the correlation with GLPSS was less significant. 
GLPSS is a useful tool for the initial evaluation of patients 
with suspected CAD.
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